codes. Conclusions: CP hospitalization rates over a one-decade period were stable. Readmissions were highest among patients with a diagnosis of alcoholism.
The Pennsylvania Health Care Cost Containment Council (PHC4) is an independent state agency responsible for addressing the problem of escalating health costs, ensuring the quality of health care, and increasing access to health care for all citizens. While PHC4 has provided data for this study, PHC4 specifically disclaims responsibility for any analyses, interpretations or conclusions. These data were presented as a Poster at the Digestive Disease Week in Chicago, May 2011, and published in abstract form in Gastroenterology 2011;140(suppl 1):S-546.
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Pancreatology 2011;11:546-552 547 non-federal acute care hospitals (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) [10] . The Olmsted County population is predominantly Caucasian, thereby limiting generalizability of the results. Population-based estimates for hospital admissions, based on non-unique patients [10, 11] , do not accurately reflect disease distribution at a population level. Moreover, these reports did not stratify patients based on etiology [10] or diagnosis (AP or CP) [11] , and did not consider concurrent diagnosis codes for AP or pseudocysts, which are often seen as the presenting diagnoses or complications of CP [10, 11] . There are no population-based estimates of pancreatitis related readmissions in patients with CP.
To address these knowledge gaps, we conducted a population-based study in Allegheny County, Pa., USA, to determine the hospitalization rate for CP from 1996 to 2005 and the risk of pancreatitis-related readmission following the index hospitalization.
Methods
This study was approved by the Institutional Review Board of the University of Pittsburgh Medical Center.
Data Source
The Pennsylvania Health Care Cost Containment Council (PHC4; www.phc4.org) is an independent state agency mandated by law to collect detailed information on all inpatient hospitalizations and ambulatory procedures at freestanding clinics in Pennsylvania (over 4 million records each year). The agency analyzes and reports data on the distribution of disease states and procedures, outcomes, and health care costs. PHC4 data are available for inpatient admissions from 1990 onward and for outpatient/ ambulatory procedures from 1996 onward.
Data from individual institutions and ambulatory clinics are de-identified by PHC4, and each patient is assigned with a unique identification number. Inpatient and outpatient data files can be linked at the level of a unique patient to allow longitudinal evaluation of desired variables or outcomes of interest (e.g. readmissions, diagnoses, etc.). The inpatient and outpatient data files are available as standardized datasets comprising more than 70 data fields, including demographics (age, sex, race), admission details (year, quarter, type: emergency, urgent or elective, source), discharge (length of stay, discharge disposition, inpatient mortality), discharge diagnoses (primary and up to 8 secondary), procedure codes (primary and up to 5 secondary), diagnoses-related groups, severity of illness, provider and facility, county and region of residence, payment source, and charges. The datasets can also be queried to create additional data fields specific to a research project.
Case Ascertainment
We queried the PHC4 dataset to identify all unique Allegheny County residents (2000 census population, 1,281,666) who received a primary or secondary inpatient discharge diagnosis of CP (ICD-9 CM 577.1) from 1996 to 2005. From these, we excluded patients who were not White or Black, who had received a prior diagnosis (primary or secondary) of CP at anytime from 1990-1995, who had a pancreatic cancer diagnosis (157.x) concurrently or within 6 months before or after the index admission during 1996-2005, and who received CP as a secondary diagnosis during the index admission if AP (ICD9-CM 577.0) or pancreatic pseudocyst (ICD9-CM 577.2) was not the primary discharge diagnosis. We excluded patients with any prior diagnosis of CP in the preceding 6 years as we sought to capture incident hospital admissions related to CP. We did not exclude patients with a prior diagnosis or concurrent diagnosis (i.e. during the index admission) of AP and/or pseudocyst since CP often develops after an attack of AP, and AP or pseudocyst can be the initial manifestation of CP.
Associated Diagnosis Codes
Because no unique ICD-9 CM codes characterize the etiology of CP, we used presence of any associated codes for alcoholism (ICD9-CM 291, 303, 305.0, 357.5, 425.5, 571.0, 571.2, 571.3, 980.0, V11.3) within one year prior to or during the index hospitalization or during the follow-up period as a surrogate for alcohol etiology of CP. We divided patients according to whether they did and did not have associated alcoholism codes. We recorded when a patient received an alcoholism code (during or within one year prior to index admission, or during the follow-up period) and the type of code (e.g. alcohol-related liver disease, ICD9-CM 571.1, 571.2, 571.3; delirium tremens, ICD9-CM 291.0). As a measure of validity, we evaluated the prevalence of diagnosis codes for high-risk behaviors associated with alcoholism (tobacco abuse, hepatitis C).
Follow-Up
We determined whether patients had any subsequent hospitalization or outpatient/ambulatory procedure reportable to the PHC4 until the third quarter of 2007. The time between discharge from the index hospitalization and the final PHC4 data entry was defined as that patient's follow-up period. For patients with readmission(s), we determined whether AP or CP was the primary or any discharge diagnosis.
Data Analysis
Descriptive information is presented as proportions for categorical data and mean 8 standard deviation or median and interquartile range (IQR) for continuous data. Bivariate comparisons for categorical data were performed using 2 test and for continuous data using Student's t or Mann-Whitney U test as applicable.
To calculate incident hospitalization rates for CP, the entire non-Hispanic White and Black population of Allegheny County from years 1996-2005 was considered to be at risk. Crude hospitalization rates were calculated per 100,000 population for each year as well as the entire study period using denominators derived from US Census figures. The rates were age, sex, and race adjusted to the 2000 US White and Black population using direct standardization, and 95% confidence intervals (CI) of rates were calculated using the Poisson distribution. Hospitalization rates were calculated for all cases and following stratification for sex, race, and the presence of associated codes for alcoholism. The rates were considered significant if the CI for the comparison groups did not overlap.
The rate of readmission during follow-up (overall and by sex, race, and the presence of alcoholism codes) was estimated using the Kaplan-Meier methodology. Multivariable Cox regression analysis was used to determine predictors of pancreatitis-related readmission during the follow-up period using age, sex, race, and the presence of associated alcoholism codes as covariates.
A p value of ! 0.05 was considered significant for all analyses. Data were analyzed using SPSS v17 (SPSS Inc., Chicago, Ill., USA).
Results

Study Cohort
We identified 988 incident hospitalizations for CP in unique White or Black Allegheny County residents from 1996 to 2005. Of these, 668 (67.6%) received a primary inpatient discharge diagnosis of CP during the index hospitalization; in the remainder, CP was a secondary diagnosis with AP (295 patients, 29.9%) or pancreatic pseudocyst (25 patients, 2.5%) as a primary diagnosis. Table 1 summarizes the study cohort characteristics during the index hospitalization. Compared with patients without associated alcoholism codes, those who received alcoholism codes were younger and more likely to be male and Black. Figure 1 presents the age distribution of CP patients at the time of index hospitalization. CP patients with alcoholism codes were mostly young or middle aged (80% between ages 35-65 years), while those without alcoholism codes had a wider age distribution, with the proportion increasing with age (over 40% were 65 years or older). The prevalence of concurrent AP or pseudocyst (primary or any diagnosis) was significantly higher in patients with alcoholism codes (57.1 vs. 26.4%, p ! 0.001). The length of stay was slightly but significantly higher in patients without alcoholism codes, and the overall mortality during the index hospitalization was low. Diagnosis codes for alcoholic liver disease were present in 112 patients (11.3% overall, 30.2% among those with CP with alcoholism codes). 
Hospitalization Rates
Although some fluctuations were seen in the yearly hospitalization rates for CP during the study period, no significant differences were observed overall or after stratification based on the presence of alcoholism codes ( fig. 2 ), gender and race (data not shown). Data are therefore presented for the entire study duration. Table 2 summarizes the age-, sex-, and race-standardized incident hospitalization rate for CP per 100,000 population during the study period. The overall hospitalization rates were similar for males and females but showed significant differences based on whether an associated diagnosis code for alcoholism was present. Among patients with alcoholism codes, the CP hospitalization rate was 2.8-fold higher among males compared with females, whereas hospitalization rates were 1.6 times higher in females compared with males among those without alcoholism codes. The hospitalization rates were significantly higher in Blacks compared with Whites: 2.4-fold higher among all patients, 4.2-fold higher with alcoholism codes, and 1.5-fold higher without alcoholism codes.
Follow-Up
Of the 983 (99.5%) patients who survived their incident hospitalization for CP, 868 (88.3%) had at least one contact (either hospitalization or ambulatory procedure) by the end of the follow-up period. Median follow-up was 45 months (IQR 23, 75; range 1-136), and was similar regardless of the presence of alcoholism codes. Of these, 503 (57.9%) were readmitted with AP or CP as the primary or any diagnosis; pancreatitis-related readmissions were significantly more likely in patients who also received alcoholism diagnosis ( table 1 ) . On Cox regression analyses, significant predictors of pancreatitis-related readmission as the primary diagnosis were presence of alcoholism codes (HR 2.1, 95% CI 1.7-2.7, p ! 0.001; fig. 3 ) and age (for each year increase in age HR 0.97, 95% CI 0.97-0.98, p ! 0.001); data were similar for any pancreatitis-related readmission.
Discussion
In this population-based study of unique patients, we found the incident hospitalization rates for CP in Allegheny County, PA to be 7.75 per 100,000 population and that these did not fluctuate significantly over a 10-year period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . Approximately 40% CP patients had associated codes for alcoholism, and these had the highest rate of pancreatitis-related readmissions following the index hospitalization. Our study confirms previous observations of high susceptibility in Blacks compared with Whites, especially for alcohol-related CP.
A unique advantage of the PHC4 dataset we used is that, unlike other publicly available datasets (e.g. National Hospital Discharge Survey, National Hospital Ambulatory Medical Care Survey, Nationwide Inpatient Sample), the outpatient and inpatient files can be linked longitudinally at the level of unique patients, and data files can be linked to study readmissions or the desired outcomes over time. Thus, our estimates likely represent the true incident CP hospitalization rates at a population level. Although the hospitalization rate in our study appears to be similar to an earlier US study by Yang et al. [10] based on the Nationwide Inpatient Sample, the results of these two studies are not directly comparable. While Yang et al. [10] only used primary diagnosis of CP as the inclusion criteria, we also included patients in whom CP was a secondary diagnosis in conjunction with a primary diagnosis of AP or pseudocyst. A similar approach by Yang et al. [10] would have increased the hospitalization rate in their study by at least a similar fraction.
We did not find a significant increase in the rate of hospitalizations for CP during the study period. Our incident hospitalization rates are similar to those of Yang et al. [10] , who evaluated CP hospitalizations in non-unique patients at non-federal US hospitals, but different than those reported by Tinto et al. [12] in England as well as our findings in Olmsted County, Minn., USA [9] . Interestingly, the period for study and the rate of hospitalizations for CP is mostly similar in these studies. The observed differences in the UK cohort could be related to the distribution of risk factors; for example, the increase in hospitalization rates seen in England was attributed to a rise in the rates of alcohol consumption during the study period, while per capita alcohol sales in the US during this period remained relatively stable [13] . Difference in incidence between Allegheny and Olmsted Counties could be due to shorter duration of the Pennsylvania study (10 vs. 30 years), an increase in the utilization of cross-sectional imaging studies beginning in the late 1980s (thereby increasing the sensitivity to detect the presence of CP), and inclusion in the Olmsted study of all CP patients rather than only those who were hospitalized.
The above data suggest that in contrast to the rapidly rising incidence of AP [14, 15] , the incidence of CP in the US is either stable or has increased only modestly over the past 20-25 years. These observations have important epidemiologic implications. The major contributors to the rising incidence rates for AP are believed to be gallstones (related to the rising rates of obesity, a risk factor for gallstones) [2] , detection bias (diagnosis of milder cases) and overdiagnosis (false positives) due to increasing routine serum enzyme testing [16] . Other possibilities include alcohol, though this has increased only modestly in the US when compared with other countries [12, 15, 17] , increasing use of ERCP, and availability of new medications that can cause AP [2] . Empiric evidence suggests that a subset of patients with AP progress to CP, more often in patients with alcoholic AP [18, 19] . The disproportionate rise in the incidence of AP therefore can be explained by the contribution from etiologies not associated with progression from AP to CP (e.g. gallstones) or by other factors (e.g. detection bias).
No billing codes designate a specific etiology for pancreatitis. As previously done to assess etiology for AP hospitalizations [15] , we used associated codes for alcoholism as a surrogate for alcohol etiology of CP, though we recognize that some patients who use or abuse alcohol may not receive diagnosis codes for alcoholism. The proportion of CP cases with alcoholism codes in our study therefore represents the minimum contribution of alcohol to CP etiology at a population level. Nevertheless, it was reassuring that the demographic profile of patients with and without alcoholism codes was fairly similar to those with alcoholic and nonalcoholic CP reported in the literature [5, [20] [21] [22] [23] [24] [25] . Moreover, the prevalence of alcoholic liver disease among CP patients in our study was high as has been previously reported [26] . The prevalence of high-risk behaviors or diseases associated with alcohol abuse (tobacco use, hepatitis C) was also higher among patients with associated alcoholism codes validating our approach.
Natural history studies indicate high morbidity rates in patients with CP [20, 24, 25, 27 ] , which we have confirmed at a population level. We found high rates of pancreatitis-related readmissions during a median follow up of 4 years, specifically among CP patients who also received a diagnosis of alcoholism.
Our study is subject to limitations inherent to the use of administrative data for research purposes. We evaluated incident hospitalizations rather than incident diagnosis of CP in unique patients, so we may have missed patients who were not hospitalized or did not have symptoms. There are limited data on the validation of CP diagnosis codes [28, 29] . Because we could not validate diagnostic codes, we may have overestimated true CP cases, which to some extent would offset the underestimation of cases managed as outpatients or who are asymptomatic. However, our aim was to determine the hospitalization rates for cases diagnosed with CP rather than to validate the diagnosis codes. We acknowledge that a lack of validation of CP diagnosis code could have affected the assessment of hospitalization rates for true cases of CP. We may not have detected incident admissions or pancreatitis-related readmissions not captured by the PHC4 (e.g. an Allegheny County resident with hospitalization for CP in another state). We evaluated hospitalization rates for CP in one Pennsylvania County, which may not be generalizable to the US population. Further, we included only Blacks and Whites, so our data may not be applicable to other racial or ethnic groups.
In conclusion, we calculated population-based estimates for incident hospitalization rates for CP in unique patients and the risk of readmission in a defined US population. Demographic characteristics of patients with CP hospitalization were generally similar to reported literature, particularly with regard to disparity due to race and alcohol abuse. CP patients, especially those with associated alcoholism had high rates of pancreatitis-related readmissions.
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